Introduction {#S0001}
============

Glioma is the most common type of brain tumor, which represent more than 30% of the central nervous system tumors, and accounted for 80% of the intracranial malignant tumors.[@CIT0001] Despite great advances in glioma treatment, the prognosis and survival rate of glioma patients are still unsatisfactory due to invasion, metastasis, and recurrence.[@CIT0002] Therefore, it is of great significance to identify predictive biomarkers for the prognosis of glioma patients and improving the effectiveness of targeted therapy.

The cancerous inhibitor of protein phosphatase 2A (CIP2A) is an endogenous protein, which interacts with protein phosphatase 2A (PP2A).[@CIT0003] It is encoded by KIAA1524 and functions through an "oncogenic nexus".[@CIT0004] The "oncogenic nexus" consists of various functions of CIP2A, including the inhibitory effects on PP2A and interactions with MYC protein.[@CIT0005] Researches showed that CIP2A is over-expressed in several types of malignant tumors such as liver cancer, gastric cancer, and breast cancer.[@CIT0006]--[@CIT0008] However, there have been no studies on the expression and function of CIP2A in gliomas.

In current study, we detected the expression of CIP2A in gliomas and investigated the functions of CIP2A that involves cellular proliferation and invasion in glioma cells. Furthermore, we proved CIP2A was a targeted regulatory gene of miR-383. These results suggest that miR-383/CIP2A axis may act as a potential therapeutic target and prognostic biomarker for gliomas.

Methods {#S0002}
=======

Patient Tissue Samples {#S0002-S2001}
----------------------

One hundred and twenty glioma tissue slices were collected from patients who underwent glioma resection in the Department of Neurosurgery, The First Affiliated Hospital of Jiamusi University between January 2012 and December 2014. The clinicopathological features of the patients are listed in [Table 1](#T0001){ref-type="table"} and the follow-up was 60 months. The pathological differentiation based on the WHO classification system.[@CIT0009] Forty-two pairs of gliomas and adjacent para-carcinoma tissue samples were collected between January 2018 and December 2019. These tissues were instantly placed into liquid nitrogen to protect RNA integrity and stored at −80°C for further analysis. All patient sample collections were approved by the ethics committee of The First Affiliated Hospital of Jiamusi University.Table 1Association Between CIP2A Expression According to Immunohistochemical and Conventional Clinicopathological Parameters in 120 Patients with GliomaCharacteristicsNumber of PatientsCIP2A Expressionp-valueLow/NegativeHighTotal cases12043(35.8%)77(64.2%)Age (Years) ≥537426(35.1%)48(64.9%)0.839 \<534617(36.9%)29(63.1%)Gender Male5120 (39.2%)31(60.8%)0.506 Female6923(33.3%)46(66.7%)Tumor Size (cm) \<56933(50%)36(50%)**0.0014** ≥55110(72.5%)41(27.5%)WHO Grade I+II5028(48%)22(52%)**\<0.001** III+IV7015(79.4%)55(20.6%)KPS \<703713(81.8%)24(18.2%)0.915 ≥708330(47.1%)53(52.9%)[^2]

Cell Lines and Transfection {#S0002-S2002}
---------------------------

Human primary neurogliocyte icell-n009 and four glioma cell lines (U87, U251, LN229, HS683) were purchased from Shanghai Cell Bank (Shanghai, China). For CIP2A depletion, the cells were transfected by lentivirus-CIP2A-shRNA or lentivirus-CIP2A-NC (GenePharma, China). Transfection efficiency on CIP2A knockdown was tested by qRT-PCR.

RNA Preparation and Quantitative Real-Time PCR {#S0002-S2003}
----------------------------------------------

Total RNAs were extracted from tissues and cells using TRIzol reagent (Invitrogen, USA). The first-strand cDNA was reverse transcribed from RNAs using reverse transcriptase kit (Takara, Japan). qRT-PCR was performed using SYBR Green SuperMix (Roche, Switzerland) as the manufacturer's protocols. GAPDH and U6 were, respectively, used as the internal control for CIP2A and miR-383. The relative mRNA expressions were expressed as a function of the threshold cycle (Ct) and analyzed by the 2−ΔΔCt method.[@CIT0010]

Immunohistochemistry {#S0002-S2004}
--------------------

Immunohistochemistry (IHC) was used to test CIP2A expression in 120 glioma tissue slices. Paraffin slices (4 μm) were deparaffinized in xylene and dehydrated by graded ethanol. The slices were heated for 5 min between 92°C and 98°C to repair the antigen and incubated by normal goat serum (PBS diluted) at room temperature for 15 min. The primary antibody (anti-CIP2A, 1:200, Abcam, UK) was added and incubated at 37°C for 2\~3 h or 4°C overnight. Then, the slices were incubated by secondary antibody (biotinylated goat anti-rabbit IgG, 1:300, Abcam, UK) for 2h at room temperature. After washing, DAB rendering kit (Sangon, China) was used to develop the peroxidase reaction according to instructions.

Western Blot {#S0002-S2005}
------------

Tissues or cell samples were lysed in radio immunoprecipitation assay lysis buffer (Beyotime, China). The protein concentration was determined by the Enhanced BCA Protein Assay Kit (Beyotime, China), and equal amounts of protein were separated by SDS-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, USA). After blocking with 5% nonfat milk for 1 h, the membranes were incubated with the primary antibodies overnight at 37°C for 2\~3 h or 4°C overnight. Then, the membranes were washed three times with TBST and incubated with secondary antibodies for 2 h at room temperature. Protein bands were visualized using an enhanced ECL system (Pierce, USA). β-actin (Cell Signaling Technology, USA) was used as a loading control.

Cell Cycle Analysis {#S0002-S2006}
-------------------

After 48 h of transfection, the collected cells were washed with 1×PBS for 3 times. Then, cells were centrifuged and the supernatant was discarded. Next, the cells were resuspended with 0.5 mL 1×PBS and rapidly injected into 3.5 mL 70% precooled ethanol. The cells were blown evenly and stored overnight at 4°C. One-milliliter PI/Triton x-100 staining solution containing 0.2 mg RNase A (20 g PI/0.1% Triton x-100) was used to resuscitate cells and stained at 37°C for 15 min. The fluorescence-activated cell sorting (FACS) Calibur (Becton Dickinson, USA) was used to detect and record the fluorescence upon excitation at 488 nm.

Clonal Formation Assay {#S0002-S2007}
----------------------

A total of 500 cells were plated into 6-well plates. After culture for 14 days in a humidified 37°C incubator with 5% CO2, the colonies were fixed with 10% formaldehyde for 30 min and then stained with 0.5% crystal violet (Beyotime, China) for 30 min. The colonies were photographed by the camera (Olympus, Japan).

CCK8 Assay {#S0002-S2008}
----------

Twenty-four hours after transfection, cell proliferation capacity was evaluated by CCK8 Kit (Dojindo, Japan) according to instructions. Cells were seeded at a density of 2×10^3^/well in 96-well plates. Cells were cultured for indicated times (24, 48 or 72 h). Then, 10 μL of CCK8 solution was added to each well and incubated for 1 h at 37°C before the absorbance was measured at 450 nm wavelength with the microplate reader (BioTek, USA).

Transwell Assay {#S0002-S2009}
---------------

Transwell chambers (Millipore, USA) coated with matrigel (BD biosciences, USA) were prepared as the manufacturer's instructions. After starvation, 1×10^5^ cells in 200 μL of serum-free medium were placed in the top chamber. The chamber was inserted into a 12-well filled with 600 μL medium added with 10% FBS. After 24 h incubation, methanol was used to fix the invasive cells on the lower membrane and cotton swabs were used to remove the noninvasive cells in the upper membrane. The invasive cells were stained with 0.5% crystal violet (Beyotime, China), photographed and counted under five random 200× fields per well using a microscope (Nikon, Japan). The cell migration assay was simultaneously conducted as above, except for the chambers without matrigel.

Luciferase Assays {#S0002-S2010}
-----------------

293T Cells were plated into 24-well plates at 80% confluence 24 h before transfection. The wild-type CIP2A-3ʹUTR (WT) and mutant CIP2A-3ʹUTR (MUT) containing the binding site of miR-383 were established and cloned into a Firefly luciferase-expressing vector (GenePharma, China). A mixture of 200 ng WT or MUT, 700 ng pGV214-miR-383 and 100 ng Renilla luciferase plasmid were transfected into 293T cells using Lipofectamine^®^ 2000. After 36 h transfection, luciferase activities were analyzed using the Dual-Luciferase Reporter Assay System (Promega, USA) as the manufacturer's protocol.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2011}
-----------------------------------

Magna RNA-binding protein immunoprecipitation kit (Millipore, USA) was used to conduct RIP assay according to instructions. Briefly, cell lysates were incubated with RIP buffer containing magnetic beads conjugated with negative control normal IgG or Anti-Ago2-ChIP Grade (Abcam, UK). The samples were then incubated with Proteinase K to isolate the immunoprecipitated RNA. Finally, purified RNAs were extracted and subjected to PCR and real-time PCR to confirm the presence of the binding targets.

Tumor Xenograft Experiments {#S0002-S2012}
---------------------------

The experimental animals were 6-week old BALB/c-Nude nude mice. The glioma cells of each experimental treatment group were washed, resuspended, and 1x10^7^ cells/0.1 mL single-cell suspension was counted and inoculated into the armpit of nude mice. The long diameter (a) and short diameter (b) of the subcutaneous xenograft tumor were measured weekly. After 4 weeks, the nude mice were sacrificed and transplanted. The weight of the tumors were weighed and pictures were taken. The animal maintenance, husbandry, and experimental procedures were performed in accordance with the rules of Jiamusi University for the Use of Experimental Animals and approved by the Medical Animal Care and Use Committee of Jiamusi University (Jiamusi, China).

Statistical Analyses {#S0002-S2013}
--------------------

SPSS 21.0 software was used for all data analyses. Clinicopathological correlations were calculated by the Pearson Chi-square Test (Linear Regression). The significance of difference was calculated with Student's t-teCIP2Ast unless otherwise indicated. P values less than 0.05 were considered significant (\*p \< 0.05; \*\*p \< 0.01). The data show the mean ± standard deviation.

Results {#S0003}
=======

CIP2A Expression in Glioma Tissues and Cell Lines {#S0003-S2001}
-------------------------------------------------

We first examined the CIP2A mRNA expression in 42 pairs of glioma fresh tissue samples by qRT-PCR. Compared with the tumor and noncancerous tissues, CIP2A was over-expressed in 33 cases (78.6%) and low-expressed in 9 cases (21.4%) ([Figure 1A](#F0001){ref-type="fig"}). Moreover, the mean expression levels of CIP2A mRNA were remarkably upregulated in glioma tissues as compared with the normal tissues (p \< 0.01, [Figure 1B](#F0001){ref-type="fig"}) which was consistent with that in the four glioma cell lines (U87, U251, LN229, HS683) relative to that in human primary neurogliocyte icell-n009 ([Figure 1E](#F0001){ref-type="fig"}). Western blot was used to test CIP2A protein expression in 12 pairs of glioma fresh tissue samples randomly selected from all the 42 pairs, which showed eleven pairs with high expression and one pair with low expression ([Figure 1C](#F0001){ref-type="fig"}). We also used IHC to evaluate CIP2A protein expression in 120 glioma patients with ﻿5-year follow-up data. Results showed CIP2A was mainly expressed in glioma cell cytoplasm ([Figure 1D](#F0001){ref-type="fig"}) and highly expressed in 64.2% patients (77/120), low or negatively expressed in the remaining 43 patients (35.8%) ([Table 1](#T0001){ref-type="table"}).Figure 1CIP2A expression in glioma samples and cell lines. (**A**) The expression levels of CIP2A mRNA in 42 paired fresh glioma tissues according to qRT-PCR; (**B**) The average mRNA expression levels of CIP2A in 42 glioma tissues and the corresponding normal tissues according to qRT-PCR (\*\*p \< 0.01); (**C**) The expression levels of CIP2A protein in 12 cases glioma tissues and the corresponding normal tissues according to Western blotting; (**D**) According to IHC in 120 glioma paraffin section specimens, CIP2A protein appeared to be expressed in the cytoplasm of tumor cells; (**E**) CIP2A was high expressed in 4 glioma cell lines (U87, U251, LN229 and HS683) than the human primary neurogliocyte icell-n009; (**F**) According to IHC in 120 glioma paraffin section specimens, the overall survival in patients with high CIP2A expression was significantly lower than in patients with low CIP2A expression (p \< 0.01, KM survival curve) (MST: median survival time).

Clinical Significance of CIP2A Expression in Gliomas {#S0003-S2002}
----------------------------------------------------

To further explore the clinical and prognostic significance of CIP2A expression in gliomas, we analyzed the association between CIP2A expression and various clinicopathological factors according to IHC results in 120 patients. We found CIP2A expression levels were positively correlated WHO grade (p \< 0.001) and tumor size (p = 0.0014, [Table 1](#T0001){ref-type="table"}). Kaplan Meier curve and Cox regression were used to investigate the influence of CIP2A on glioma patient postoperative prognosis. Results showed the overall survival was significantly lower in patients with high CIP2A expression than in those with low expression (p \< 0.01, [Figure 1F](#F0001){ref-type="fig"}) and CIP2A was a significant prognostic factor for glioma patients (p = 0.003, [Table 2](#T0002){ref-type="table"}).Table 2COX Regression Analysis on the Relationship of Clinicopathologic Characteristics and PrognosisCharacteristicsUnivariateMultivariateHRCI (95%)PHRCI (95%)PAge0.9130.621--1.3570.648Gender1.3020.867--1.9520.203WHO grade1.4921.220--1.826**\<0.001**1.4181.150--1.748Tumor size0.8220.556--1.2140.324**0.001**KPS1.8431.196--2.840**0.006**1.8031.157--2.810**0.009**CIP2A\*2.0271.307--3.145**0.002**1.9551.256--3.044**0.003**[^3]

CIP2A Influences Glioma Cellular Invasion {#S0003-S2003}
-----------------------------------------

To explore the role of CIP2A in gliomas, we performed loss of function experiments in U251 and LN229 cells which were relatively high expressed CIP2A. Transwell assays were performed to explore the influence of CIP2A depletion on glioma cellular migration and invasion. Results showed CIP2A knockdown by Lv-CIP2A-shRNA remarkably reduced the number of invasive and migrated cells (p \< 0.01, [Figure 2](#F0002){ref-type="fig"}). Moreover, we chose U87 cell line which with relative lower CIP2A expression and transfected pcDNA-CIP2A to upregulated CIP2A expression. Transwell assays showed CIP2A overexpression could promote glioma cellular migration and invasion (p \< 0.01, [Figure 2](#F0002){ref-type="fig"}).Figure 2CIP2A influences glioma cellular invasion. Transwell assays showed lower invasion and migration abilities were observed in U251 and LN229 cells transfected with Lv-CIP2A-shRNA compared with Lv-CIP2A-NC (\*\*p \< 0.01). pcDNA-CIP2A was used to upregulate CIP2A expression in U87 cells and results showed CIP2A overexpression could promote glioma cellular migration and invasion (\*\*p \< 0.01).

CIP2A Influences Glioma Cellular Proliferation {#S0003-S2004}
----------------------------------------------

CCK8 assay results demonstrated that knockdown of CIP2A significantly decreased the capacity of cell proliferation in U251 and LN229 cells (p \< 0.01, [Figure 3A](#F0003){ref-type="fig"}) and CIP2A overexpression promoted cellular proliferation in U87 cells (p \< 0.01, [Figure 3A](#F0003){ref-type="fig"}). Colony formation assay indicated that downregulated CIP2A inhibited the colony numbers of U251 and LN229 cells (p \< 0.01, [Figure 3B](#F0003){ref-type="fig"}) and upregulated CIP2A increased the colony numbers of U87 cells (p \< 0.01, [Figure 3B](#F0003){ref-type="fig"}). The effect of CIP2A on the cell cycle was tested using flow cytometry analysis. In glioma cells, depletion of CIP2A showed an increase in the number of cells in G1 phase and decrease in the number of S phase in U251 and LN229 cells (p \< 0.01, [Figure 4](#F0004){ref-type="fig"}) and CIP2A overexpression showed a reverse trend in U87 cells (p \< 0.01, [Figure 4](#F0004){ref-type="fig"}), which revealed CIP2A could promote cellular proliferation by affecting G1/S phase. To validate the in vivo function of CIP2A in glioma progression, a xenograft model was established by subcutaneously injecting glioma cells. After 28 days post cell injection, CIP2A knockdown in U251 and LN229 cells showed lower tumor weight and volume (p \< 0.01, [Figure 5](#F0005){ref-type="fig"}) and CIP2A overexpression in U87 cells showed higher tumor weight and volume (p \< 0.01, [Figure 5](#F0005){ref-type="fig"}).Figure 3CIP2A influences glioma cellular proliferation. (**A**) According to CCK8 assays, significant decreased proliferation rate was observed 48 h post transfection with Lv-CIP2A-shRNA compared with Lv-CIP2A-NC in U251 and LN229 cells (\*p \< 0.05, \*\*p \< 0.01). CIP2A overexpression could increase proliferation rate in U87 cells (\*p \< 0.05, \*\*p \< 0.01); (**B**) Clonal formation assays were performed with glioma cells. Lower number of colonies were found in U251 and LN229 cells treated with Lv-CIP2A-shRNA compared with Lv-CIP2A-NC (\*\*p \< 0.01). Higher number of colonies were found in U87 cells treated with pcDNA-CIP2A compared with pcDNA-NC (\*\*p \< 0.01).Figure 4CIP2A affected glioma cellular cycle. The effect of CIP2A on the cell cycle was tested using flow cytometry analysis. In U251 and LN229 cells, CIP2A depletion cells showed an increase in the number of cells in G1 phase and decrease in the number of cells in S phase when compared with the Lv-CIP2A-NC groups (\*\*p \< 0.01). In U87 cells, CIP2A overexpression cells showed a decrease in the number of cells in G1 phase and an increase in the number of cells in S phase when compared with the pcDNA-NC groups (\*\*p \< 0.01).Figure 5CIP2A affected glioma cellular xenograft tumorigenicity. Subcutaneous tumorigenicity experiments in nude mice showed 28 days after cell injection, lower tumor volume and weight were observed in Lv-CIP2A-shRNA groups compared with Lv-CIP2A-NC groups in U251 and LN229 cells (\*p \< 0.05, \*\*p \< 0.01). Higher tumor volume and weight were observed in pcDNA-CIP2A groups compared with pcDNA-NC groups (\*\*p \< 0.01).

CIP2A Was a Direct Downstream Target for miR-383 {#S0003-S2005}
------------------------------------------------

In order to investigate the mechanism of CIP2A ectopic overexpression, we focused on the upstream microRNAs of CIP2A. According to prediction websites (TargetScan), CIP2A contains one potential miR-383 binding site in its 3′-UTR and the sequence is highly conserved ([Figure 6A](#F0006){ref-type="fig"}). Therefore, luciferase assays were performed to test whether miR-383 directly bound to CIP2A. The vectors containing the wild-type and mutant 3ʹ‑UTR of CIP2A fused downstream of the fireﬂy luciferase gene are shown in [Figure 6A](#F0006){ref-type="fig"}. The results indicated that miR-383 decreased the relative luciferase activity of the wild-type CIP2A 3ʹ-UTR compared with the mutant 3ʹ-UTR (p \< 0.01, [Figure 6B](#F0006){ref-type="fig"}). miR-383 mimics were subsequently transfected into glioma cells to upregulate miR-383 expression. The results showed overexpression of miR-383 decreased the expression of CIP2A at both the mRNA and protein levels (P\<0.01, [Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). It is well known that miRNAs regulate the expression of target genes by forming an RNA-induced silencing complex (RISC)[@CIT0011] and the Ago2 protein is a key protein in the RISC complex.[@CIT0012] Therefore, we used the RIP assay to verify whether miR-383 can bind to Ago2. PCR and qRT-PCR results both detected miR-383 expression in Ago2 immunoprecipitate ([Figure 6E](#F0006){ref-type="fig"}). We also found that the miR-383 was low expressed in glioma patients ([Figure 6F](#F0006){ref-type="fig"}) and negatively correlated with CIP2A mRNA expression (R^2^ = 0.457, P \< 0.001, [Figure 6G](#F0006){ref-type="fig"}). Taken together, these results confirmed that CIP2A was a direct target of miR-383.Figure 6CIP2A was a direct downstream target for miR-383. (**A**) TargetScan predicted that CIP2A contained one potential miR-383 binding site in its 3ʹ-UTR. Wild-type and miR-383 binding site-mutated 3ʹ-UTR of CIP2A. (Mutations are red font); (**B**) miR‑383 significantly decreased the relative luciferase activity of the wild‑type CIP2A 3ʹ‑UTR compared with the mutant 3ʹ-UTR in 293T cells (\*\*p \< 0.01); (**C**) Interference efficient of Lv-CIP2A-shRNA on mRNA and protein levels were tested by qRT-PCR and Western blot (\*\*p \< 0.01); (**D**) Overexpression of miR-383 decreased the expression of CIP2A at both the mRNA and protein levels in glioma cell lines (\*\*p \< 0.01); (**E**) RIP assays were used to verify whether miR-383 can bind to Ago2. IP-western detection of Ago2 expression in anti-Ago2 beads captures in glioma cells lysates. PCR and qRT-PCR were both used to detect the expression of miR-383 in the immunoprecipitated and the same expression trends were observed. IgG was the negative control and input was a positive control (\*\*p \< 0.01); (**F**) The expression levels of miR-383 in 42 paired fresh glioma tissues according to qRT-PCR; (**G**) miR-383 relative expression is negatively correlated with CIP2A mRNA relative expression. Data were analyzed by Spearman regression according to the results of qRT-PCR in 42 paired glioma fresh tissue samples.

Discussion {#S0004}
==========

It has been well documented that the aberrant overexpression of CIP2A can promote cell proliferation and metastasis by inhibiting PP2A activity, which leads to the phosphorylation of several oncogenes, including c-myc, Akt, Plk1, E2F1 and mTORC1.[@CIT0013],[@CIT0014] Recent evidence demonstrated that CIP2A is a novel candidate oncogene and possibly a therapeutic target for several types of human cancer.[@CIT0015],[@CIT0016] However, the abnormal expression of CIP2A and its possible carcinogenesis in gliomas have not been studied thus far.

In the current study, CIP2A expression in glioma tissues and cell lines were detected by different methods including qRT-PCR, ﻿Western blot and IHC. All of the results suggested CIP2A was highly expressed in gliomas. To further explore the prognostic significance of CIP2A expression in gliomas, we analyzed the association between CIP2A expression and postoperative survival rate according to IHC results in 120 patients with complete 5-year follow-up data. We found CIP2A expression significantly affected the overall survival rate and was a poor prognostic factor for glioma patients. All the evidence suggests CIP2A may play carcinogenesis roles in glioma progression.

Then, we analyzed the influence of CIP2A on glioma cellular malignant biological behavior in vitro experiment. Series of assays revealed that CIP2A knockdown in U251 and LN229 cells by transfecting Lv-CIP2A-shRNA could notably suppress the capacities of cellular invasion and proliferation. In vivo experiment, we found CIP2A knockdown suppressed the tumorigenicity of glioma cells in xenograft mouse model. Based on the above findings, we first verified the oncogene role of CIP2A in gliomas.

In order to investigate the mechanism of CIP2A ectopic overexpression, we focused on the upstream microRNAs. MicroRNAs (miRNAs) represent a class of endogenous, highly conserved, small nonprotein-coding RNAs that regulate the expression of target genes by binding to the 3ʹ-UTR of the target gene and forming an RNA-induced silencing complex (RISC).[@CIT0017],[@CIT0018] According to prediction websites (TargetScan), CIP2A contains one potential miR-383 binding site in its 3′-UTR. Recent studies demonstrated that miR-383 was a cancer suppressor gene in many types of human cancers.[@CIT0019],[@CIT0020] In the current study, luciferase assays showed miR-383 could bind to the 3ʹ-UTR of CIP2A and miR-383 overexpression inhibited CIP2A expression. RIP assays suggested miR-383 and Ago2 formed RISC in glioma cells. Furthermore, miR-383 was low expressed in glioma patients and negatively correlated with CIP2A mRNA expression. Taken together, these results confirmed that CIP2A was a direct target of miR-383 and the CIP2A ectopic overexpression may be induced by miR-383 abnormal expression.

In conclusion, taken together, the above findings suggest that CIP2A acts as an oncogene in glioma progression. We have also demonstrated, for the first time, a novel miR-383/CIP2A regulatory axis involved in the development of gliomas. These findings provide a theoretical basis for the development of alternative strategies for the clinical treatment of glioma.
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